Evidence derived from numerical experiments is presented to show that, contrary to the prevalent notion, the generation of elongated wind-induced streaks on water surfaces with spacing of centimeters is not necessarily attributed to interactions between surface waves and the shear current. Although the water surface is artificially designated as a fiat boundary in the numerical simulations here, high-speed streaks appear on the surface arising from an underlying shear current. Floating Lagrangian tracers cluster along the streaks and, in accordance with field and laboratory observations, undergo dislocation and amalgamation.
Introduction
The signature of elongated fast-moving streaks on winddriven water surfaces has been a subject of interest to oceanographers and limnologists since the first seminal observations were made by Irving Langmuir [Langmuir, 1938] .
The streaks are arranged with somewhat equal spacing ranging from centimeters [Gemmrich and Hasse, 1992; Kenney, 1993; Woodcock, 1941 ] to kilometers [Langmuir, 1938] . The fluids along the streaks converge and downwell, thereby inducing upwellings between the streaks. This structural flow, widely known as Langmuir circulation, is well known to enhance such processes as planktonic activity, air-water gas exchange [Gemmrich and Hasse, 1992] as well as the vertical mixing [Weller and Price, 1988] and horizontal dispersion [Thorpe et al., 1994 ] of the upper-ocean boundary layer.
Although the conditions favoring the generation of surface streaks are still not entirely clear, the mechanism involves the nonlinear interaction between wind-generated surface waves and the mean shear current [Craik and Leibovich, 1976 ] may seem the most plausible. However, other observations [Kenney, 1993] have shown that geometrically similar windrows form on water surfaces under glassy calm condition without the generation of any significant surface waves. For 'stationary' wall-bounded turbulent flows, lowspeed streaks similar in geometry to their high-speed counterparts on water surfaces, have been identified within a sublayer in close proximity to the no-slip wall. These observations raise questions as to whether the presence of surface waves is a necessary component in the process of initiation as well as sustenance of Langmuir circulations and surface streaks, at least for a certain range of length and time scales. Specifically, we concentrate on the processes with lateral and Wind is the primary forcing involved in the production of both surface waves and the underlying shear current. The formation of a shear current always accompanies the inception of the surface waves. Accordingly, in both the real environment and laboratory settings, it is not possible to distinguish various mechanisms, particularly those which are impertinent to surface waves. In the present study, the difficulty encountered in laboratory experiments is resolved by numerical simulation and this reveals an alternative formation mechanism of surface streaks which is not associated with the motion of surface waves.
Numerical Simulation
The approach adopted here is a direct numerical simula- To further visualize the structures and also the inception and evolution of the fast-moving streaks and slowly-moving spots, uniformly distributed floating Lagrangian particles are released at time t -3.6 s and their trajectories are tracked. The corresponding distributions of the particles for the velocity contours at t = 5.37 s (about 1.8 s after the release of the particles) are plotted in Fig. 1 . Immediately after the particles are released, they aggregate and form several elongated streaky groups traveling along the high-speed streaks. The formation of this surface streaky pattern takes place as rapidly as in the laboratory [Melville et al., 1998 ] and field [Woodcock, 1941] performed computations both with and without the gravitywave effect in the generalized Craik-Leibovich equations. They found significant differences in the turbulent structures between the two cases. In particular, the longitudinal vorticity in Langmuir turbulence was found to be much stronger and more elongated than that in shear turbulence. In comparison with the present experiment, their conclusions indicate the potential that wave-current interaction process may still be the dominant mechanism in forming surface streaks on the planetary boundary layer scale.
